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ENG246 – Process Analysis 
DURATION 
 
Reading Time: 10 minutes 
Writing Time: 120 minutes 
 
INSTRUCTIONS TO CANDIDATES 
 
1. Read all questions carefully.  
2. Answer ALL questions.  
3. Show all working (calculations and sketches).  
4. This exam constitutes 50% of the total marks for this Unit.  
5. Total marks available on this exam = 100.  
6. Use dark blue or black ink.  
 
EXAM CONDITIONS 
You may begin writing from the commencement of the examination session.  The reading time indicated above is 
provided as a guide only. 
This is a CLOSED BOOK examination 
Any non-programmable calculator is permitted 
No handwritten notes are permitted 
No dictionaries are permitted 
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Question 1 
The production of most of the steel manufactured in the United States begins with the reduction of hematite ore 
(mostly ferric oxide) with coke (carbon) in a blast furnace to obtain pig iron. The basic reaction is: 
 




Suppose that stoichiometric amounts of ferric oxide and carbon are fed at 77 ℉, the reaction is complete, the 
iron emerges as a liquid at 2800 ℉, and 𝐶𝑂 emerges at 570 ℉ . Perform the following calculations for a basis of 
1 𝑇𝑜𝑛 of iron produced. 
 
 Draw and label a flowchart and perform all the material balance calculations needed to determine the 
amounts (lb-mole) of each feed and product stream component. 
            (10 marks) 
 Taking the reactant and product species in their normal states at 77 ℉ as references, complete the 
information in the table 
 
 input output 








𝐹𝑒2𝑂3(𝑠)     
𝐶(𝑠)     
𝐹𝑒(𝑠)     
𝐶𝑂(𝑔)     
 
            (10 marks) 
 Estimate the furnace heat requirement (Btu/ton Fe produced). 
 
            (10 marks) 
The thermodynamic data for the species involved in the process is given below 
𝐹𝑒(𝑠) => 𝐶𝑝 [
𝐵𝑇𝑈
𝑙𝑏𝑚𝑜𝑙 ℉
] = 5.90 + 1.5 × 10−3𝑇(℉) 
The melting point of iron is 2794 ℉and the fusion enthalpy is ∆ℎ𝑚 = 6496 
𝐵𝑇𝑈
𝑙𝑏𝑚𝑜𝑙⁄  
𝐹𝑒(𝑙) => 𝐶𝑝 [
𝐵𝑇𝑈
𝑙𝑏𝑚𝑜𝑙 ℉
] = 8.15 
𝐹𝑒2𝑂3(𝑠) => 𝐶𝑝 [
𝐽
𝑚𝑜𝑙 𝐾
] = 103.9 
𝐶(𝑠) => 𝐶𝑝 [
𝐵𝑇𝑈
𝑙𝑏𝑚𝑜𝑙 ℉
] = 0.17 
Data for carbon dioxide are given in the reference information.  
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Question 2 
The absorber-tripper system shown in the figure below is used to remove carbon dioxide and hydrogen sulphide 
from a feed consisting of 30% 𝐶𝑂2 and 10% 𝐻2𝑆 and nitrogen. In the absorber, a solvent absorbs 𝐻2𝑆  and 
carbon dioxide. The absorber overhead contains only 1% of 𝐶𝑂2 and no 𝐻2𝑆. Nitrogen is insoluble in the solvent. 
The rich solvent stream leaving the absorber is flashed, and the overhead stream contains of 20% solvent. 25% of 
the 𝐶𝑂2 and 15% of the 𝐻2𝑆 in the fresh feed to the absorber are also in the overhead stream of the flash unit. 
The liquid stream leaving the flash unit is split into two equal streams. One is returned to the absorber. The other 
one, which contains 5% of 𝐶𝑂2 is feed to a stripper. The liquid living the tripper consist of pure solvent and is 
returned to the absorber along with makeup solvent. The gas feed rate is 100Kg/h and the stripper overhead 
contains 30% solvent. Calculate all flowrates and compositions of unknown streams. 
 
The figure is taken from Ghasem, Nayef, and Henda, Redhouane. 2014. Principles of Chemical Engineering 
Processes: Material and Energy Balances, Second Edition. Oakville: CRC Press. Accessed April 3, 2018. ProQuest E-
book Central. 
            (40 marks) 
Question 3 
A tank holds 100 gal of a salt-water solution in which 4.0 lbm of salt is dissolved. Water runs into the tank at the 
rate of 5 gal/min, and salt solution overflows at the same rate. If the mixing in the tank is adequate to keep the 
concentration of salt in the tank uniform at all times, how much salt is in the tank at the end of 50 min? Assume 
that the density of the salt solution is essentially the same as that of pure water. 
            (30 marks) 
  





Table 1: Specific enthalpies of selected gases 
 
 
